Background: There is limited evidence on the etiology and outcomes of renal infarction. A provoking factor is identified only in one-to two-thirds of patients. Methods: This is a retrospective observational study. The clinical characteristics and outcomes of patients with acute renal infarction were studied; the sample was divided into two groups according to the presence of at least one provoking factor at the time of diagnosis (atrial fibrillation, flutter, major thrombophilia, or renal artery malformations). Results: The study comprised 59 patients with a mean age of 63 (±16.7) years and a follow-up period of 3.1 (±2.8) years. An identifiable provoking factor was found for 59.3% of the renal infarctions at the time of diagnosis, and atrial fibrillation was the most frequent one (in 49.2% of all patients). Renal impairment was found in 49.2% of the patients at diagnosis and in 50.8% of the patients 6 months after the event (p = 0.525). When compared with the idiopathic group, the patients with provoked infarction were older (69.8 vs. 57.9 years, p = 0.014) and had a higher rate of recurrence of arterial thrombosis during follow-up (18.8 vs. 0%, p = 0.028), but there were no differences in the rest of the baseline characteristics or in mortality rates. Six patients (10.2%) in the idiopathic group were diagnosed with atrial fibrillation during follow-up. Conclusions: Atrial fibrillation, both at di-agnosis and at follow-up, is the most common identifiable cause of renal infarction; however, a significant number of patients are idiopathic, and these are younger, but they have a similar burden of cardiovascular disease and a lower risk of arterial recurrence.
Introduction
Renal infarction is an underdiagnosed pathology that arises as a sudden interruption of blood flow to the renal artery. The prevalence of renal infarction has been estimated from autopsy studies as 14 per 1,000, but the incidence in clinical practice is probably lower, since many cases are not diagnosed, as suggested by other studies in which the incidence of renal infarction in emergency departments was only 0.007% [1] [2] [3] .
Classically, it has been argued that the origin of renal infarction is usually cardioembolic, especially due to atrial fibrillation [4] . However, atrial fibrillation is present in only 18-64% of patients according to different series. Other, less frequent causes include hypercoagulable states and structural damage to the renal artery, while in 30-60% of patients with renal infarction no provoking factor is identified [4] [5] [6] .
The most frequent form of presentation is abdominal pain or flank pain, accompanied by low-grade fever, nausea, and vomiting, with frequent elevation of lactate dehydrogenase levels [3, 6, 7] . Given the lacking specificity of these symptoms, renal infarction is often confused with other diseases such as ureterorenal colic or pyelonephritis [8] .
The diagnosis is established by imaging techniques, with contrast CT being the most widely used diagnostic method [3] (Fig. 1 ). Early diagnosis of this pathology is important in order to promptly initiate antithrombotic treatment and decrease the risk of renal functional loss.
The aim of the present study was to describe the presentation and long-term follow-up of a cohort of patients diagnosed with renal infarction, comparing the outcomes of the patients according to the presence or absence of a provoking factor.
Methods
A retrospective observational study was performed, including patients with a confirmed diagnosis of renal infarction in a third-level hospital of the Community of Madrid, Spain. The clinical records of 64 patients older than 18 years who were diagnosed with a renal infarction within a period of 10 years (2005-2015) were studied; 5 patients were excluded due to the absence of clinical data or loss to follow-up.
The epidemiological background of the patients was analyzed, including cardiovascular risk factors, the presence of arrhythmias (with greater attention with a diagnosis of atrial fibrillation or atrial flutter), structural heart disease, cerebrovascular disease, peripheral arterial disease, venous thromboembolism, cancer, and previous treatment.
The clinical manifestations, as well as complementary tests including imaging tests (abdominal CT, Doppler ultrasound, arteriography, etc.) and laboratory tests including levels of creatine kinase, lactate dehydrogenase, and creatinine at diagnosis, were studied. Data were collected on the patients' outcomes, including a subsequent diagnosis of arrhythmias or heart disease; a diagnosis of thrombophilia (that included antithrombin, homocysteine, proteins C and S, antiphospholipid antibodies, factor V Leiden, and prothrombin mutation); creatinine levels at 6 months; bleeding; arterial or venous thrombotic recurrences; cardiovascular disease; and mortality of any cause. The glomerular filtration rate (GFR) was Subsequently, the sample was divided into two cohorts depending on the presence or absence of a provoking factor for renal infarction at the time of diagnosis (atrial fibrillation, flutter, major thrombophilia, or renal artery malformations). An analysis of both subgroups was performed in terms of baseline characteristics and outcomes.
The qualitative variables are presented with a frequency distribution. The quantitative variables are presented as the mean and standard deviation in the case of a normal distribution or as the median and 25th and 75th percentiles in the case of a nonnormal distribution. The χ 2 test was used for qualitative variables. The Student t test and the Kruskal-Wallis test were used to compare means when the distribution of the variable was parametric and nonparametric, respectively. A p value < 0.05 was established as statistically significant. The statistical analysis was performed using the software SPSS version 19.
Results
The study comprised 59 patients diagnosed with renal infarction with a mean age of 63.03 (±16.7) years. The baseline characteristics and presentation forms of the patients with renal infarction are shown in Table 1 . An identifiable provoking factor was found in 59.3% of the patients, including atrial fibrillation (49.2%; 30 patients), renal artery malformation (6.8%; 4 patients), and antiphospholipid syndrome (1.7%; 1 patient). At the time of diagnosis of renal infarction, 30.5% of the patients were receiving anticoagulant therapy, all of them due to atrial fibrillation. Of these, 6 patients (33.3%) received a low dose (understood as an INR below the range in patients with vitamin K antagonists or suboptimal doses in patients with low-molecular-weight heparins or other anticoagulants).
Renal impairment (GFR < 60 mL/min/1.73 m 2 ) was found in 49.2% of the patients at diagnosis and in 50.8% of the patients 6 months after the event. This difference was not statistically significant (p = 0.525). During follow-up, 6.5% of the patients developed severe renal impairment (GFR < 30 mL/min/1.73 m 2 ) as a consequence of renal infarction. The mean follow-up was 3.1 (±2.8) years. Seven recurrent episodes of arterial thrombosis were observed (11.9%). Likewise, 2 episodes of venous thromboembolism were recorded (3.4%). In addition, during follow-up, atrial fibrillation was diagnosed in another 6 patients (10.2%) in the idiopathic group. Nine patients (15.3%) died, the most frequent cause being heart failure ( Table 2 ). The average survival rate at 5 years was 82.9%. Thrombophilia testing, which was performed at the physician's discretion, showed normal results in 8 patients (61.5%), hyperhomocysteinemia in 4 patients (30.7%), and antiphospholipid syndrome in 1 patient (7.6%).
When compared with the idiopathic group, the patients with provoked renal infarction were older (69.8 vs. 57.9 years, p = 0.014), but no statistically significant differences were found in the rest of the baseline characteristics, including the presence of cardiovascular risk factors, heart disease, arterial disease, and the presentation of renal infarction (Table 3) .
During follow-up, the incidence of arterial recurrence (arterial embolism, ischemic cardiopathy, or cerebrovascular disease) was higher among the patients with provoked renal infarction (18.8 vs. 0%, p = 0.028). The incidence of venous thrombosis and mortality was similar in both groups (3 vs. 4.5%, p = 0.76; 20.6 vs. 8.7%, p = 0.22) ( Table 3 ). There was also no difference in terms of survival.
Discussion
Our study found that atrial fibrillation is the most common identifiable risk factor for acute renal infarction, with a significant number of cases diagnosed during follow-up. Besides, patients with provoked renal infarction have a significantly higher risk of thrombotic recurrence. According to conventional teaching, acute renal infarction should be suspected when a patient presents with the following triad: (1) persisting abdominal or loin pain; (2) elevated serum levels of lactate dehydrogenase and/or microscopic hematuria, and (3) a high risk of thromboembolic events [4] . However, a significant number of patients with acute renal infarction have a low risk of thrombosis. The data from the present study coincide with those of other studies and show that atrial fibrillation is the most common arrhythmia among patients with acute renal infarction. Nevertheless, the prevalence of atrial fibrillation in these patients presents a high variability according to the published series [1, [4] [5] [6] . In our study, the rate of atrial fibrillation was 49.2% if we include both the patients with a history of atrial fibrillation and those with newly diagnosed atrial fibrillation. Besides, an additional 10% of the patients presented with atrial fibrillation during follow-up, suggesting that they could have had a previously underrecognized paroxysmal atrial fibrillation. According to these data, it seems justified to perform an exhaustive diagnostic study to rule out the presence of cardioembolic arrhythmias in patients with acute renal infarction not only at diagnosis but also during follow-up. In our study, 30-50% of the patients with renal infarction had no provoking factor, and these data are similar to those published in other case series [5, 6] . A previous study found that patients with idiopathic renal infarction had a mean age < 40 years, while patients with a cardioembolic etiology had a mean age of 60 years [3] . In our study, the group of patients with provoked renal infarction was formed mainly by those with atrial fibrillation (30 patients), renal artery malformation (4 patients), and antiphospholipid syndrome (1 patient). These patients were significantly older than those with idiopathic renal infarction (69.9 vs. 57.9 years).
A thrombophilia study was performed on 22% of the patients in our sample, although the study of hereditary thrombophilia in patients with arterial thrombosis is discouraged due to its scarce relationship to these events [9] [10] [11] . In our series, 1 patient was diagnosed with a major thrombophilia (antiphospholipid syndrome), and in another 4 patients, hyperhomocysteinemia was detected, whose relationship to arterial thrombosis is not demonstrated [12, 13] . Therefore, and in the absence of guidelines for the management of patients with renal infarction, a complete thrombophilia study (including genetic defects and levels of homocysteine, proteins C and S, and antithrombin) would not be indicated for these patients, and the study of antiphospholipid syndrome should only be considered in selected patients, mainly those in which there is no cardioembolic condition and the arteriosclerotic load is low.
Evidence concerning the clinical presentation, outcomes, and management of patients with acute renal infarction is limited, and it is fundamentally based on case series with a moderate number of patients [1, 4, 7, [14] [15] [16] [17] [18] [19] [20] [21] . There is a significant discrepancy regarding the baseline characteristics presented in the published case series: the mean age ranges between 44 and 69 years; likewise, the incidence of acute renal failure and the follow-up periods are markedly different [14] [15] [16] [17] [18] [19] [20] [21] . Table 4 summarizes the main case series in the recent literature. The patients with idiopathic renal infarction in our series were younger, as has already been described in other series [4, 20] ; however, there is also a discrepancy in this point, where other series describe a more advanced age for patients with idiopathic renal infarction [18] .
This discrepancy may be due to differences in the classification of "idiopathic" between the different case series. In this sense, some authors classify as idiopathic renal infarction patients those without overt cardiac pathology [4, 20] , while other authors included into the Adapted from Rhee et al. [17] . ND, no data available. "provoked" category those patients with hereditary thrombophilias or hyperhomocysteinemia, which, as already mentioned, have little or no impact on the pathogenesis of arterial infarction [1, 18, 21] . These differences in classification between the different studies limit the extraction of conclusions, although we can affirm that there is a significant percentage of patients for whom the etiology of their renal infarction remains unclear. During the follow-up of our patients, renal impairment was detected in 50% of the patients, but only 6.5% developed severe renal impairment due to renal infarction, a rate similar to those found in other series [15, 17, [20] [21] [22] [23] . A Japanese study found that in patients with acute renal infarction, the GFR was reduced by around 30%, and then it gradually recovered to around 80% of the original value after 1 year of follow-up [22] . We did not find any differences between the incidence of renal failure at diagnosis and at follow-up at 6 months, as described in the most extensive series published in this regard [1] . Interestingly, the incidence of recurrence of arterial thrombosis was significantly lower in the group of patients with idiopathic renal infarction. This has not been mentioned in most of the published series [17, 18, 21] , while Oh et al. [1] and Caravaca-Fontán et al. [20] did not find significant differences in terms of arterial recurrence between the different groups -even though, as already mentioned, the classification of the patients was done differently in the various studies mentioned.
Our study presents one of the longest follow-ups of patients with acute renal infarction described in the literature, although it has some limitations. Firstly, while the sample size allows expanding our knowledge about this pathology, the conclusions drawn are limited because it was a single-center study. Secondly, since it was a retrospective study, patient management was carried out at the discretion of the doctor in each case, which could have had an impact on the outcomes of each patient.
In conclusion, renal infarction is mainly associated with atrial fibrillation in more than half of the patients, and to a lesser extent with renal artery malformations and hypercoagulable states. However, in a significant number of cases the etiology of renal infarction remains unclear, these patients being younger and having fewer recurrences of arterial thrombosis during follow-up. Clinical follow-up is essential, including an evaluation for thrombosis recurrence. Tests to rule out cardioembolic arrhythmias, including ECG and Holter ECG, should be performed in all cases, and periodic reevaluations of these tests should be considered in patients with unprovoked renal infarction. Thrombophilia testing is not routinely recommended, and only selected patients should be tested for antiphospholipid syndrome.
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